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Description

Field of the Invention

[0001] The present invention relates to an angular rate
sensor.

Background of the Invention

[0002] As a known angular rate sensor of the prior art,
there is disclosed one in page 26 through page 33 of the
Journal of Nippondenso Engineering Society (Vol. 38,
No. 3, 1994). This angular rate sensor comprises an ex-
citing unit for providing a tuning fork vibrator with vibra-
tion, a means for detecting a vibration level of the vibrator,
a detection means for detecting Coriolis’ force generated
responsive to an angular rate, a first amplifier for ampli-
fying an output signal of the means for detecting vibration
level, a rectifier circuit for rectifying an output signal of
the first amplifier to obtain a DC voltage, a comparator
of an output voltage of the rectifier circuit with a reference
voltage, and a variable gain amplifier connected to the
exciting unit in a manner that a vibrating amplitude of the
tuning fork vibrator is controlled to be constant by varying
an amplification factor for amplifying a voltage, which is
produced by shifting a phase of an output voltage of the
first amplifier by 90 degrees, according to an output volt-
age of the comparator.
[0003] With the prior art technique as described above,
there is an effect to a certain extent for shortening a start-
up time of the sensor, because the variable gain amplifier
operates in a manner to rapidly increase a vibrating am-
plitude of the tuning fork vibrator, since the amplification
factor of the variable gain amplifier becomes the maxi-
mum within a predetermined degree immediately after a
power supply is turned on. However, because a variable
range of the amplification factor of the variable gain am-
plifier is limited and it can not be boosted so much, it has
needed a fairly long time for the tuning fork vibrator before
a level of its vibrating amplitude reaches a predetermined
degree. In addition, although it is possible to shorten the
start-up time of the sensor if the maximum level of am-
plification factor of the variable gain amplifier is set great-
er than the predetermined degree, it is difficult to increase
the maximum level of amplification factor of the variable
gain amplifier beyond the predetermined degree from an
overall aspect including a problem of saturation in wave-
form of an output voltage of the variable gain amplifier,
maintaining noise low, and stability in controlling a vibrat-
ing amplitude of the tuning fork vibrator constant.
[0004] It is therefore difficult to shorten a time (the start-
up time) required to bring the vibrating amplitude of the
tuning fork vibrator constant without boosting the maxi-
mum level of amplification factor of the variable gain am-
plifier beyond the predetermined degree. Moreover, it is
extremely difficult to reduce a time constant τ = Q / 2Kf
(where "f" is a driving frequency) without a substantial
increase of "f", in a such case as a crystal tuning fork

vibrator having a large degree of sharpness "Q" (vibrating
energy / supplied energy). Therefore, it becomes a con-
siderable obstacle to be not able to boost the maximum
level of amplification factor of the variable gain amplifier
beyond the predetermined degree in order to reduce the
start-up time.

Summary of the Invention

[0005] The present invention is intended to solve the
above-mentioned problem of the prior art, and it aims at
providing an angular rate sensor that is capable of real-
izing a reduction of a start-up time.
[0006] In order to solve the above problem, the present
invention is characterized by having an exciting unit for
providing a vibrator with vibration, a means for detecting
a vibration level of the vibrator, a detection means for
detecting Coriolis’ force generated responsive to an an-
gular rate, a first amplifier for amplifying an output signal
of the means of detecting vibration level, a rectifier circuit
for rectifying an output signal of the first amplifier to obtain
a DC voltage, a variable gain amplifier for taking as an
input the output signal of the first amplifier and for varying
an amplification factor according to an output voltage of
the rectifier circuit, a second amplifier for amplifying an
output signal of the variable gain amplifier, a level judge-
ment circuit in which the output voltage of the rectifier
circuit and an output voltage of a reference voltage gen-
erator are input, and a third amplifier and a switching
means placed between the first amplifier and the second
amplifier, wherein the output signal of the first amplifier
is input to a positive input terminal of the third amplifier,
a first resistor is inserted between a negative input ter-
minal of the third amplifier and an output terminal of the
third amplifier, a voltage having a potential in the vicinity
of 1/2 of a power supply voltage is impressed on the
negative input terminal of the third amplifier, a second
resistor and the switching means are connected in series
between the output terminal of the third amplifier and an
input terminal of the second amplifier, and the switching
means is activated by an output of the level judgement
circuit.
[0007] A structure as described above is able to realize
a reduction of the start-up time of the angular rate sensor,
while clearing entirely the general matters such as a prob-
lem of saturation in waveform of an output voltage of the
variable gain amplifier, maintaining noise low, and sta-
bility in controlling a vibrating amplitude of the tuning fork
vibrator constant. It is especially effective in such case
as a crystal tuning fork vibrator having a large degree of
sharpness "Q".

Brief Description of the Drawings

[0008]

Fig. 1 is a block diagram depicting an exemplary em-
bodiment of an angular rate sensor of the present
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invention;
Fig. 2 is a timing chart for switching control of a sec-
ond voltage amplifier in the same sensor; and
Fig. 3 is a graphical representation depicting an out-
put signal of a means of detecting vibration level and
a mode of voltage applied to a vibration exciting unit.

Description of the Preferred Embodiments

(Exemplary Embodiment)

[0009] Fig. 1 is a block diagram of an angular rate sen-
sor of an exemplary embodiment of the present invention.
Referring to Fig. 1, designated at a numeral 1 is a vibra-
tion type angular rate sensor element block having a tun-
ing fork structure, a numeral 2 is a first amplifier, a nu-
meral 3 is a rectifier, a numeral 4 is a smoothing circuit,
a numeral 5 is a variable gain amplifier, a numeral 6 is a
second amplifier, a numeral 7 is a fourth amplifier, a nu-
meral 8 is a synchronous detector, and a numeral 9 is a
low-pass filter. A reference numeral 10 designates an
exciting unit composed of a piezo-electric element at-
tached to a vibrating member, a numeral 11 is a means
composed of another piezo-electric element attached to
a vibrating member for detecting a vibration level, and
numerals 12 and 13 are first and second detection means
for detecting Coriolis’ force generated responsive to an
angular rate. The exciting unit 10 and the first detection
means 12 are bonded together orthogonally to each oth-
er, the means 11 of detecting vibration level and the sec-
ond detection means 13 are also bonded orthogonally to
each other, and these are connected by a connecting
plate 14. The vibration type angular rate sensor element
block 1 having a tuning fork structure is thus constructed
by supporting the connecting plate 14 at one point with
a supporting post 15. There comprises the means 11 for
detecting a vibration level of tuning-fork vibration caused
by oscillation of the exciting unit 10, the first amplifier 2
for amplifying an output signal of the means 11 of detect-
ing vibration level as its input signal, the rectifier 3 for
rectifying an output signal of the first amplifier 2, the
smoothing circuit 4 for smoothing an output voltage of
the rectifier 3, the variable gain amplifier 5 whose ampli-
fication factor for amplifying an output voltage of the first
amplifier 2 varies responsive to a magnitude of an output
voltage of the smoothing circuit 4, thereby controlling a
vibrating amplitude of the tuning fork vibrator constant,
and the second amplifier 6 for amplifying an output signal
of the variable gain amplifier.
[0010] Signals of the first and the second detection
means 12 and 13 for detecting Coriolis’ force generated
responsive to an impressed angular rate are amplified
by the fourth amplifier 7, detected by the synchronous
detector 8 at a vibrating cycle of the tuning fork vibrator
to become a voltage proportional to the angular rate, and
it is output as an angular rate voltage signal after ampli-
fied by the low pass filter 9.
[0011] Furthermore, in Fig. 1, a reference numeral 20

designates a third amplifier, numeral 21 a capacitor, nu-
meral 22 a first resistor, numeral 23 a second resistor,
numeral 24 a capacitor, numeral 25 a reference voltage
generator, numeral 26 a level judgment circuit, and nu-
meral 27 a switching means.
[0012] In addition, there are provided with the level
judgment circuit 26, in which the output voltage of the
smoothing circuit 4 and an output voltage of the reference
voltage generator 25 are input, and the third amplifier 20
and the switching means 27 between the first amplifier
2 and the second amplifier 6. A negative input terminal
of the third amplifier 20 is connected with a voltage having
1/2 of a power supply voltage Vcc through the capacitor
21.
[0013] Moreover, an output signal of the first amplifier
2 is input to a positive input terminal of the third amplifier
20, the first resistor 22 is inserted between the negative
input terminal of the third amplifier 20 and an output ter-
minal of the third amplifier 20, and the second resistor
23 and the switching means 27 are connected in series
between the output terminal of the third amplifier 20 and
an input terminal of the second amplifier 6. The first re-
sistor 22 and the second resistor 23 are 1MΩ and 20kΩ
respectively, and the switching means 27 is turned on
and off according to a potential of voltage charged in the
capacitor 24, the level judgment circuit 26 (a voltage po-
tential set by the reference voltage generator 25 is de-
noted as V1), and the timing chart for switching control
shown in Fig. 2, after a power supply (not shown) is turned
on. The third amplifier 20 operates for an output wave-
form between the power supply voltage and the ground-
ing voltage with the reference voltage (1/2 of the power
supply voltage Vcc) at the median, and that the third am-
plifier 20 goes on and off respectively in a first stage and
a second stage shown in the timing chart (refer to Fig.
2). As shown in Fig. 3, an output voltage in the second
amplifier 6 can be made very large (a voltage impressed
upon the exciting unit 10 becomes maximum of the output
voltage from the start) during an initial stage when a vi-
brating amplitude of the tuning fork vibrator is small (i.e.
the initial stage wherein an output signal of the means
11 of detecting vibration level is small), and an amplifi-
cation factor of it becomes small (the voltage impressed
upon the exciting unit 10 becomes small) in the latter half
when the vibrating amplitude of the tuning fork vibrator
becomes closer to a predetermined level (i.e. in a stage
wherein the output signal of the means 11 of detecting
vibration level reaches a predetermined value). It is there-
fore possible to clear entirely the general matters such
as a problem of saturation in waveform of the output volt-
age, maintaining noise low, and stability in controlling the
vibrating amplitude of the tuning fork vibrator constant,
because not only is it capable of substantially reducing
a start-up time of the angular rate sensor, but also is it
capable of activating the third amplifier 20 by the switch-
ing means 27 only when necessary during the start-up,
thereby maintaining the maximum level of amplification
factor of the variable gain amplifier 5 at a predetermined
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level as in the past at least after having entered into a
final control stage.
[0014] Moreover, it is also possible to arbitrarily set a
time for the vibrating amplitude of the tuning fork vibrator
to become constant, as a matter of course, by setting the
voltage potential charged in the capacitor 24 and the volt-
age potential V1 set in the level judgment circuit 26, as
desired, and also by setting the amplification factor in
each stage, as shown in Fig. 2.
[0015] Although what has been described in the
present exemplary embodiment relates only to an exam-
ple of the vibration type angular rate sensor element block
having a tuning fork structure, composed of a piezo-elec-
tric element attached to a vibration member, this is not
necessarily restrictive. If a crystal tuning fork vibrator hav-
ing a large degree of sharpness "Q" is used, in particular,
as the vibration type angular rate sensor element block
of a tuning fork structure, its effectiveness becomes re-
markable.
[0016] Furthermore, the vibrator needs not be limited
only to the vibration type having the conventional tuning
fork structure.
[0017] Moreover, although what has been described
in the present exemplary embodiment is an example in
which the voltage having 1/2 of the power supply voltage
Vcc is connected to the negative input terminal of the
third amplifier 20 through the capacitor 21, it needs not
be precisely 1/2, but any value in the vicinity of the 1/2
can suffice the requirement properly.

Industrial Applicability

[0018] According to the present invention, as de-
scribed above, an angular rate sensor is provided which
not only has a function of arbitrarily setting a time for
vibrating amplitude of a vibrator to become constant, but
also is capable of substantially reducing a start-up time
while clearing entirely the general matters such as a prob-
lem of saturation in waveform of an output voltage of a
variable gain amplifier, maintaining noise low, and sta-
bility in controlling the vibrating amplitude of the vibrator
constant, since it can maximize an output voltage of a
second amplifier by a third amplifier and a switching
means upon a start-up, and maintain the maximum level
of amplification factor of the variable gain amplifier at a
predetermined level as in the past at least after having
entered into a final control stage.

Claims

1. An angular rate sensor (1) comprising:

an exciting unit (10) for providing a vibrator with
vibration;
a means (11) for detecting a vibration level of
said vibrator;
a detection means (12, 13) for detecting Coriolis’

force generated responsive to an angular rate;
a first amplifier (2) for amplifying an output signal
of said means (11) of detecting vibration level;
a rectifier circuit (3) for rectifying an output signal
of said first amplifier (2) to obtain a DC voltage;
a variable gain amplifier (5) for taking as an input
the output signal of said first amplifier (2), where-
in an amplification factor varies according to an
output voltage of said rectifier circuit (3);
a second amplifier (6) for amplifying an output
signal of said variable gain amplifier (5);
a level judgement circuit (26) wherein the output
voltage of said rectifier circuit (3) and an output
voltage of a reference voltage generator (25) are
input; and
a third amplifier (20) and a switching means (27)
placed between said first amplifier (2) and said
second amplifier (6),

wherein said angular rate sensor is constructed in a
manner that:

the output signal of said first amplifier (2) is input
to a positive input terminal of said third amplifier
(20);
a first resistor (22) is inserted between a nega-
tive input terminal of said third amplifier (20) and
an output terminal of said third amplifier (20);
a voltage having a potential in the vicinity of 1/2
of a power supply voltage (Vcc) is impressed up-
on the negative input terminal of said third am-
plifier (20) through a capacitor (21);
a second resistor (23) and said switching means
(27) are connected in series between the output
terminal of said third amplifier (20) and an input
terminal of said second amplifier (6); and
said switching means (27) is activated by an out-
put of said level judgement circuit (26).

Patentansprüche

1. Winkelgeschwindigkeitssensor (1), der umfasst:

eine Erregungseinheit (10) zum Bereitstellen
von Schwingungen für einen Schwingungser-
zeuger;
eine Einrichtung (11) zum Erfassen eines
Schwingungspegels des Schwingungserzeu-
gers;
eine Erfassungseinrichtung (12, 13) zum Erfas-
sen von Coriolis-Kraft, die in Reaktion auf eine
Winkelgeschwindigkeit erzeugt wird;
einen ersten Verstärker (2), der ein Ausgangs-
signal der Einrichtung (11) zum Erfassen des
Schwingungspegels verstärkt;
eine Gleichrichterschaltung (3), die ein Aus-
gangssignal des ersten Verstärkers (2) gleich-
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richtet, um eine Gleichspannung zu erhalten;
einen Verstärker (5) mit variablem Verstär-
kungsfaktor, dessen Eingang das Ausgangssi-
gnal des ersten Verstärkers (2) ist, wobei ein
Verstärkungsfaktor entsprechend einer Aus-
gangsspannung der Gleichrichterschaltung (3)
variiert;
einen zweiten Verstärker (6) zum Verstärken ei-
nes Ausgangssignal des Verstärkers (5) mit va-
riabler Verstärkung (5);
eine Pegelbeurteilungsschaltung (26), in die die
Ausgangsspannung der Gleichrichterschaltung
(3) und eine Ausgangsspannung einer Bezugs-
spannungs-Erzeugungseinrichtung (25) einge-
geben werden; und
einen dritten Verstärker (20) sowie eine
Schalteinrichtung (27), die zwischen dem ersten
Verstärker (2) und dem zweiten Verstärker (6)
angeordnet sind,

wobei der Winkelgeschwindigkeitssensor so aufge-
baut ist, dass:

das Ausgangssignal des ersten Verstärkers (2)
in einen positiven Eingangsanschluss des drit-
ten Verstärkers (20) eingegeben wird;
ein erster Widerstand (22) zwischen einen ne-
gativen Eingangsanschluss des dritten Verstär-
kers (30) und einen Ausgangsanschluss des
dritten Verstärkers (20) eingesetzt ist;
eine Spannung mit einem Potenzial in der Nähe
der Hälfte einer Stromversorgungsspannung
(VCC) über einen Kondensator (21) auf den ne-
gativen Eingangsanschtuss des dritten Verstär-
kers (20) aufgedrückt wird;
ein zweiter Widerstand (23) und die Schaltein-
richtung (27) in Reihe zwischen den Ausgangs-
anschluss des dritten Verstärkers (20) und ei-
nen Eingangsanschluss des zweiten Verstär-
kers (6) geschaltet sind; und
die Schalteinrichtung (27) durch einen Ausgang
der Pegelbeurteilungsschaltung (26) aktiviert
wird.

Revendications

1. Capteur de vitesse angulaire (1) comprenant :

une unité d’excitation (10) pour procurer une vi-
bration à un dispositif de vibration;
un moyen (11) pour détecter un niveau de vi-
bration dudit dispositif de vibration;
un moyen de détection (12, 13) pour détecter
une force de Coriolis générée en réponse à une
vitesse angulaire;
un premier amplificateur (2) pour amplifier un
signal de sortie dudit moyen (11) de détection

d’un niveau de vibration;
un circuit redresseur (3) pour redresser un signal
de sortie dudit premier amplificateur (2) pour ob-
tenir une tension électrique de courant continu;
un amplificateur à gain variable (5) pour prendre
comme une entrée le signal de sortie dudit pre-
mier amplificateur (2), où un facteur d’amplifica-
tion varie selon une tension électrique de sortie
dudit circuit redresseur (3);
un deuxième amplificateur (6) pour amplifier un
signal de sortie dudit amplificateur à gain varia-
ble (5);
un circuit de jugement de niveau (26) dans le-
quel la tension électrique de sortie dudit circuit
redresseur (3) et une tension électrique de sortie
d’un générateur de tension électrique de réfé-
rence (25) sont entrées; et
un troisième amplificateur (20) et un moyen de
commutation (27) placés entre ledit premier am-
plificateur (2) et ledit deuxième amplificateur (6),

où ledit capteur de vitesse angulaire est construit
d’une manière telle que:

le signal de sortie dudit premier amplificateur (2)
est entré à une borne d’entrée positive dudit troi-
sième amplificateur (20);
une première résistance (22) est insérée entre
une borne d’entrée négative dudit troisième am-
plificateur (20) et une borne de sortie dudit troi-
sième amplificateur (20);
une tension électrique ayant un potentiel proche
de 1/2 d’une tension électrique d’alimentation
de puissance (Vcc) est imposée sur la borne
d’entrée négative dudit troisième amplificateur
(20) à travers un condensateur (21),
une deuxième résistance (23) et ledit moyen de
commutation (27) sont connectés en série entre
la borne de sortie dudit troisième amplificateur
(20) et une borne d’entrée dudit deuxième am-
plificateur (6); et
ledit moyen de commutation (27) est activé par
une sortie dudit circuit de jugement de niveau
(26).
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